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BACKGROUND - TECHNICAL FIELD OF INVENTION 
The present invention relates to a method of integrating accurate on- 
chip L-C filters by using a tuning mechanism to compensate for 
manufacturing and ambient temperature variations of on-chip 
components. These tuned filters can find applications in integrated 
radio frequency receiver and transmitters. 
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BACKGROUND OF THE INVENTION AND DISCUSSION OF 
PRIOR ART 

At the present time, one of the main barriers in integrating RF 
communications receivers is the inability to repeatedly manufacture 
filters with accurate cut-off frequencies. FIG. 1 describes an 
important class of filters based on a network of inductors (L), 1 and 2, 
and capacitors (C), 3 and 4, known as L-C filters. The filter acts upon 
voltage input, 5, to produce a filtered voltage output, 6. The design 
of these types of filters is well known in the art. However, both 
inductors and capacitors are sensitive to processing variations during 
the manufacturing of integrated circuits. These variations prevent 
the filter response from being consistently and accurately 
manufactured. 

Other types of filters known as active filters are based on active 
circuits, resistors and capacitors. However, at high frequencies, 
active filters have degraded filter responses and noise performance 
compared to L-C filters. 

One method of tuning L-C filtering based on time multiplexing 
between a tuning circuit and a filtering circuit has been described in 
[1]. This method will not work for systems that have continuous 
filtering requirements. 

OBJECTS AND ADVANTAGES OF THE INVENTION 
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Accordingly, it is a primary object of the present invention to provide 
a self-tuning L-C filter topology that is insensitive to manufacturing 
and ambient temperature variations and is able to operate 
continuously. 

SUMMARY OF THE INVENTION 

The present invention achieves the above objects and advantages by 
providing a new method for designing a L-C filter network without 
sensitivity to manufacturing and ambient temperature variations and 
able to maintain a continuous filter response. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram of a prior art L-C filter network. 

FIG. 2 is a block diagram of the self -tuning L-C filter network. 

FIG. 3 is an example of an L-C based voltage-controlled oscillator. 

FIG. 4 is a diagram of the tunable main L-C filter network. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
FIG. 2 is a block diagram of the self-tuning L-C filter network 
consisting of a main L-C filter, 14, that is tunable, and a phase-locked 
loop forming the basis of the L-C tuning circuit, 12. The tunable 
main L-C filter, 14, has input voltage, 15, and filtered output voltage 
16. A tuning voltage, 13, is used to control the tuning of capacitors in 
the L-C filter. The phase-locked loop, 12, consists of a fixed reference 
frequency input, 7, phase-frequency detector, 8, digital loop filter, 9, 
digital-to-analog converter, 10, and L-C based voltage-controlled 
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oscillator (VCO), 11, and feedback frequency divider, 17. The 
operation of phase-locked loops is well known in the art. The phase- 
frequency detector, 8, compares the frequency of the reference 
frequency input, 7, with the output of the frequency divider, 17. The 
digital loop filter, 9, integrates the error signal from the phase- 
frequency detector, 8. The digital output of the digital loop filter, 9, is 
then used to drive the input of the digital-to-analog converter, 10. 
The analog output of the digital-to-analog converter, 10, drives the 
tuning voltage, 13, of the VCO, 11, as well as the tuning voltage, 13, 
of the main L-C filter, 14. After the phase-locked loop is powered up 
and locked, it can be shut down. The value of the digital loop filter 
is saved in digital registers to control the value of the tuning voltage, 
13, after the phase-locked loop is shut down. Shutting down the 
tuning loop has several advantages: It eliminates noise coupling 
from the tuning loop into other circuits; it allows continuous filtering 
without additional tuning; and it allows power to be minimized. 

FIG. 3 is a diagram of a possible implementation of the VCO. The 
VCO consists of active elements, 22 and 23, such as bipolar or MOS 
transistors as well as passive inductors, 18 and 19, with tunable 
capacitor elements, 20 and 21. A tuning voltage, 13, is an input that 
can be used to vary the value of the capacitor elements, 20 and 21. 
Those skilled in the art will recognize that there are many possible 
implementations of the VCO as well as many possible 
implementations of the tunable capacitor elements, 20 and 21. 
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FIG. 4 is a diagram of one possible main L-C filter network that can 
be tuned. The input voltage, 15, is filtered to produce output voltage, 
16. The filter consists of inductor elements, 24 and 25, and capacitor 
elements, 26 and 27. The tuning voltage, 13, is an input that can be 
used vary the value of the tunable capacitor elements, 26 and 27, so 
that manufacturing and temperature variations can be removed. In 
order to obtain the greater insensitivity to manufacturing process 
variations, the capacitors elements, 26 and 27, in the L-C filter should 
have similar physical dimensions and layout to the capacitor 
elements, 20 and 21, in the VCO, and the inductor elements, 24 and 
25, in the filter should have similar physical dimensions and layout 
to the inductor elements, 18 and 19, in the VCO. Those skilled in the 
art will recognize that there are many possible L-C filter networks 
that can be designed with fewer or more inductors, capacitors, or 
resistors than the preferred embodiment. 

These and other modifications, which are obvious to those skilled in 
the art, are intended to be included within the scope of the present 
invention. Accordingly, the scope of the invention should be 
determined not by the embodiment described, but by the appended 
claims and their legal equivalents. 
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